Asymmetric regulation of imprinting on the maternal and paternal chromosomes at the Dlk1-Gtl2 imprinted cluster on mouse chromosome 12.
Genomic imprinting causes parental origin-specific gene expression. Cis-acting regulatory elements that control imprinting are not fully understood but involve regions that become differentially methylated on the two parental chromosomes during male and female gametogenesis. Understanding properties of maternally and paternally inherited imprints provides insight into the mechanisms and evolution of genomic imprinting. Previously we identified an intergenic germline-derived differentially methylated region (IG-DMR) that is a candidate control element for an imprinted domain on distal mouse chromosome 12 (ref. 5). The 1-Mb cluster contains the paternally expressed protein-coding genes Dlk1 (refs. 6,7) and Dio3 (ref. 8,9) and several maternally expressed non-coding RNAs, including Gtl2 (refs. 6,7,10) and C/D snoRNAs. A retrotransposon-like gene (Rtl1) is expressed from the paternal chromosome and has an antisense transcript expressed from the maternal chromosome containing two microRNAs with full complementarity to Rtl1 (ref. 12). Here we show that deletion of the IG-DMR from the maternally inherited chromosome causes bidirectional loss of imprinting of all genes in the cluster. When the deletion is transmitted from the father, imprinting is unaltered. These results prove that the IG-DMR is a control element for all imprinted genes on the maternal chromosome only and indicate that the two parental chromosomes control allele-specific gene expression differently.